Neopterin is produced from human monocyte-derived macrophages and dendritic cells upon Stimulation with interferon-y, and increased neopterin concentrations thus indicate cell-mediated immune activation. In healthy individuals increasing neopterin concentrations are found with increasing age, which is also evident from the agedependency of reference values of serum neopterin concentrations. Increase of neopterin concentrations in the elderly may relate to, e.g., altered T lymphocyte differentiation with age. In this study, serum neopterin concentrations of 138 persons (median age: 34 years; interquartile ränge 29.0 -67.8 years) were investigated and compared to age and to the percentage of CD28-CD45RA' or CD28*CD45RO* subsets among CDS* T cells. With increasing age, the percentage of CD28*CD45RA* in CDS" T-cells decreased (Spearman's rank correlation coefficient: r, = -0.561; p < O.OOÜl) accompanied by an increase of the percentage of CD28"CD45RO" in CD8" T-cells (r^ = 4-0.221; p < O.Ol). Serum neopterin concentrations increased with age (fj = -1-0.541; p < 0.0001). This increase of neopterin concentration was accompanied by a decreased percentage of CD28*CD45RA" in CD8* T-cells (rj, = -0.287; p < 0.001). Multivariate analyses revealed that the inverse relationship between the percentage of CD28"'CD45RA"^ in CD8* T-cells and neopterin concentrations was at least partly independent from age. Thus, investigation allows to conclude that an increase of neopterin concentrations with older age is accompanied by a loss of naive CD28*CD45RA' CD8' T-cells. Data suggest that the subset of CD28 CD8" T cells, which is developing in states of sustained immune activation, is important for a chronic production of interferon-y which in turn gives rise to increased neopterin concentrations.
Introduction
Neopterin is produced from human monocytederived macrophages and dendritic cells upon Stimulation with Tbl-type cytoi<ine interferon-y (1,2). Increased neopterin concentrations in human body fluids thus indicate cell-mediated immune activation. In agreement, increased concentrations of neopterin in serum and urine are found during allograft rejection episodes and in various malignant disorders, autoimmune diseases, and viral infections, including HIV-1 infection (2-8). In healthy individuals, neopterin concentrations increase with older age (9-14). This is also evident from the age-dependency of the reference values of serum neopterin concentrations. Also the neopterin per Creatinine ratio in serum and urine increases with age which shows that renal impairment which may develop with older age is not solely responsible for neopterin elevation (9,15). The reason for the increase of neopterin with age is still a matter of discussion. Possibly the higher incidence of diseases associated with immune activation such as, atherosclerosis (15) or dementia (16) developing but not yet diagnosed in elderly individuals would contribute to higher neopterin concentrations.
Increase of neopterin concentrations in the elderly antigen is replaccd by the appearance of the CD45RO antigen, indicating a shift from naive (CD45RA-) to memory (CD45RO") T-ce)ls (17) . On the othcr hand, it was shown that CD8* T-cells and. less frequently, CD4* T-cells may completely lose CD28 surCace expression during chronic infections as it is the case with aging (18) . In vitro, CD8* T-cells in the absence of costimulatory CD28 were unable to proliferate, but produced IFN-y upon Stimulation (19) . Therefore it was tempting to further investigate a possible relationship between changes of neopterin concentrations and the CD45 and CD28 surface expression of CD8" T-cells.
Materials and Methods
Study populuUon One hundred and thirty-eight individuals with a median age of 34 years (interquartile ränge: 29.0 -67.8 ycars), who were part of an Austrian-wide already published vaceination study (20, 21) , were investigated. Sixteen had a hislory of cardiovascular disease, seven suffered from cardiovascular disease and diabetes mellitus and onc patient suffered from diabetes mellitus aione.
Blood collections
and measurenients Blood samples were drawn by venous puncture. For neopterin determination, blood was allowed to clot at room temperature, and serum was obtained by ccntrifugation at 1,500 x g for 15 minutes. Serum was frozcn at -20°C until analysis. Serum neopterin was measured by a commercially available immunoassay (Elitest, BRAHMS Diagnostica. Berlm. Germany; with a sensitivity of 2 nmol/1 neopterin and an interassay coefficient of Variation ranging from 4.7 to 8.5%. In adults, upper limits of the normal (95'" percentiles) of neopterin conccntrations depend on age, the 95"' percentile being 8.7 nmol/1 in individuals aged between 19-75 years, ii is higher (= 13.5 nmol/1) in persons below 19 ycars and alst) in individuals older than 75 years (-19.0 nmol/1) as described earlier (3).
Peripheral blood mononuclear cells (PBMC) were purified from heparinized blood by Ficoll-Paque (Pharmacia, Uppsala, Sweden) density centrifugation and washed twice in RPMI 1640 (GIBCO, Grand Island, NY). Purified cells were stoied in liquid nitrogen until analysis. Cells were preincubated with an Fe block {monoclonal antibody to CD16-CD32, 2.4G2; BD PharMingen, San Diego, CA) and washed in FACS buffer (PBS, 0.5% BSA, 0.01% sodium azide). Next, they were incubated with specific antibodies directly conjugated as described below, washed, and analyzed using a FACSCalibur cytometer; and data were analyzed with CellQuest Software (BD Biosciences, San Jose, CA). The monoclonal antibodies used were from BD PharMingen: CDS (CyChrome-, PerCP-, or allophycocyanin-labeled), CD28 (FITC-or Cy-Chromelabeled), CD45RO (FITC-or PE-conjugated), and CD45RA (FITC-or CyChrome-labelcd).
Statistics
Correlation between variables were assessed by the non-parametric Spearman's rank correlation technique, since the distributions of observed values were generally non-Gaussian. Thereby four variables were compared to each other at the same time.
Differences of distributions of laboratory variables among patient groups were tested for significance by the non-parametric Mann-Whitney tcst. The effect of the two factors age and the percentage of CD28"CD45RA" in CD8* T-cells on serum neopterin concentrations was assessed by a two-way analysis of variance (ANOVA), which was calculated by the program BMDP7D (BMDP Statistical Software, 1990 edition, University of California Press). Thereby the factor age was dichotomized by the first quartile poini (< 29 years), the percentage of CD28*CD45RA" in CD8^ T-cells by the third quartile point (<84%) of the observed dislribution. Since variances in the four subgroups formed on the basis of age and the percentage of CD28"CD45RA-in CDS-T-cells were different, a reciprocal transformation of neopterin concentrations was done before analysis. The success of transfomiation was confirmed by Levene's test for equality of variances as implemented in the program BMDP7D. To determine whether the response of neopterin concentrations to onc factor depends on the level of the sccond factor, the interaction term were also tested for significance.
Result-s
The study population showed a median neopterin concentration of 4.5 nmol/1 (interquartile ränge: 3.9 -5.7 nmol/1), and compared to the upper normal limit in the literature, 9 of 138 individuals (6.5%) had neopterin concentrations higher than the 95"' percentile. Serum neopterin concentrations increased with age (Tab. 1). As shown in Fig. 1 , individuals with age older than 34 years, the median of the distribution, had statistically higher neopterin concentrations (median neopterin: 5.15 nmol/1) than those younger or equal 34 Median percentage of CD28*CD45RA-in CDS' T-cells was 73 % (interquartile ränge: 55 -84 %) and of" CD28^CD45RO" in CDS" T cells was 76 % (interquartile ränge: 65 -86 %). As seen from Spearman's rank correlation coefficients (Tab. 1), with increasing age the percentage of CD28"CD45RA" among CDS* T-cells decreases accompanied by an increase of the percentage of CD28"CD45RO" in CDS" T-cells.
Higher neopterin concentrations are accompanied by a decreased percentage of CD28*CD45RA" in CD8" T-cells (see also Fig. 2) . Thus, individuals with a pcrcentage of CD28"CD45RA* in CDS" T cells above 73, the median of the distribution, had lower neopterin concentrations (median neopterin: 4.30 nmol/1) than those bclow or equal 73% (median neopterin: 4.60 nmol/1; Mann-Whitney test, U=16S8, p<0.0033). In contrast to this, there was no significant correlation between neopterin concentration and the percentage of CD28"CD45RO* in CD8" T-cells.
To test the influence of age and the percentage of CD28"CD45RA" in CDS^ T-cells on serum neopterin concentrations, two-way ANOVA was calculated. Both age (F = 9.13; p = 0.003) and the percentage of CD28*CD45RA* in CD8" T-cells (F = 5.39; p = 0.022) showed a significant effect on neopterin concentrations. The interaction term was statistically not signif- icant (F = 0.06; p = n.s.) suggesting that interaction is negligible. Therefore Ihe variables age and the percentage of CD28"CD45RA* among CD8" T-cells are influencing neopterin concentrations independenüy.
Discussion
With increasing age, a decrease of the naive (CD28*CD45RA") CD8" T cell subpopulation accompanied by an increase of mernory (CD28'^CD45RO*) CD8* T-cells was observcd, which agrees with earlier studies (17) . Increasing neopterin concentrations were also found with older age and correlated with the dcciinc of naive (CD45RA^CD28*) CD8* T-cells. As demonstrated by ANOVA, this loss of naive CD8^ T-cells coincides with higher neopterin concentrations independentiy from age. Thus, increase of neopterin concentrations concurs with a decline of naive CDS" T-ceils. A similar but statistically not significant inverse rclationship between serum neopterin concentrations and the percentage of CD28* cells among CD8* T-cells of frail elderly has been described by Fahey et al. (22) . The lack of significance in that study supports the view that there is no overall relationship between increasing neopterin concentrations and the decline of CD28" T-cells, but the decline of the CD45RA" subset is important.
/n virra, CD8* T-cells without costimulatory molecule CD28 produce less lL-2, leading to proliferative deficiency of thesc lymphocytes (23) . However, these cells still are able to produce IFN-y upon Stimulation (19) . Therefore, this cell subset could be important for the increase of neopterin concentrations observed in the elderly. In vitro. CD28-deficiency was found to be associated with increased apoptosis of T-cells as well because CD28 costimulation prevents Fas-induccd apoptosis and is thus able to enhance T cell viability (24) . Findings support the view that increascd neopterin production may develop when immune activation persists due to an insufficient cellular cytotoxicity upon antigenic Stimulation. In the healthy elderly, clinically inapparent diseases associated with immune activation such as. e.g., atheroscierosis (15) or dementia (1 6) may serve as a triggcr for a chronic immunoactivalion. In chronic immunopathologies such as malignant tumor disease, higher neopterin concentrations in serum or urine were found to be associated with more rapid disease progression and a shortened survival (5, 6) . In HIV-1 infection neopterin concentrations are of prognostic value already in the early phase of the disease, the higher the neopterin concentration in serum or urine is, the higher is the risk for the decline of CD4* T-cells and the development of the acquired immunodeficiency Syndrome (2) . It äppears worth further testing whelher lack of CD28 surface expression on T-cells might contribute to the development of an insufficient immune response and poor progriosis as indicated by higher neopterin concentrations.
In conclusion, data of this study suggcst that the decline of naive CD28"CD8* T-cells, which is developing in states of sustained immune activation, is important for a chronic production of interferon-y. which in turn gives rise to increased neopterin concentrations. This appears to be true rtot only in the elderly as was found in this study, but may be also important in chronic immunopathologies such as malignancies, autoimmune diseases or HIV ihfection. Further investigations will be necessary to demonslrate this.
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